Compatibility of materials for macroencapsulation of inorganic phase change materials: experimental corrosion study by Ushak, Svetlana et al.
Compatibility of materials for macroencapsulation of inorganic phase change materials:  
experimental corrosion study 
Svetlana Ushak1,2,*, Paula Marín1, Yana Galazutdinova1, Luisa F. Cabeza3, Mohammed M. Farid4, 
Mario Grágeda1,2
1Department of Chemical Engineering and Mineral Processing, and Center for 1 
Advanced Study of Lithium and Industrial Minerals (CELiMIN), Universidad de 2 
Antofagasta, Campus Coloso, Av.Universidad de Antofagasta, 02800 Antofagasta, 3 
Chile 4 
2 Solar Energy Research Center(SERC-Chile), Av Tupper 2007, Piso 4, Santiago, Chile 5 
3 GREA Innovació Concurrent, Universitat de Lleida, Edifici CREA, Pere de Cabrera 6 
s/n, 7 
25001, Lleida, Spain  8 
4 Department of Chemical and Materials Engineering, The University of Auckland, 9 
Private Bag 10 
92019, Auckland 1142, New Zealand 11 
 12 
Corresponding author: Svetlana Ushak, e-mail: svetlana.ushak@uantof.cl, tel. 56-13 
552637313, fax 56-552637801 14 
 15 
Abstract 16 
 17 
The potential of the use of salt hydrates MgCl2·6H2O (bischofite) with typical 18 
impurities of the Salar de Atacama as a thermal energy storage material was evaluated 19 
with special attention to its corrosion behavior. Bischofite behavior is compared with 20 
that of commercial salt MgCl2·6H2O. The corrosion tests were conducted with metal 21 
sheets (copper, aluminum and stainless steel) partially immersed in molten salt hydrates 22 
at a temperature of 120°C during 1500 hrs. The results showed minimum corrosion on 23 
all the immersed surfaces of all the metals. However, very sever corrosion was observed 24 
at the salt/air interface due to a known phenomenon of oxygen enhanced corrosion 25 
usually found even with water at ambient temperature. The corrosion products were 26 
determined with scanning electron microscopy (SEM) and X-ray diffraction (XRD) 27 
technique. For salts hydrates bischofite and MgCl2·6H2O, the results show the 28 
formation of cuprite (Cu2O) and hematite (Fe2O3) on copper and stainless steel samples, 29 
respectively. For all cases studied in the present work, several chloride compounds were 30 
identified as corrosion products.   31 
 32 
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1. Introduction 35 
 36 
One of the most promising technologies of thermal energy storage is using of latent 37 
heat, which employs a phase change material (PCM) as the energy storage medium 38 
[1,2]. The principle of a PCM is as follows: as the temperature of the medium increases, 39 
the material absorbs heat through melting, minimizing changes in the surrounding 40 
temperature. Similarly, when the temperature of the medium decreases, the PCM 41 
changes from liquid phase to solid, releasing heat and thereby minimizing the decrease 42 
in surrounding temperature [3,4]. Due to the fact that absorption and release of heat of 43 
fusion is associated with the formation of a liquid phase, it is necessary to encapsulate 44 
the PCM to prevent its leakage [5]. Since these salts in their liquid state are able to 45 
cause corrosion, it is necessary to evaluate the impact of these PCMs and their 46 
impurities on the compatibility with the materials of the containment capsules [6-13]. 47 
PCMs can be used in different applications, being solar energy one of the most 48 
promising ones, as published by Esen and Ayhan [14], Esen et al. [15], Esen [16], 49 
Cabeza et al. [17], Mazman et al. [18], and Gil et al. [19]. 50 
 51 
PCMs are categorized as eutectic, organic and inorganic materials. A eutectic material is 52 
a composition of two or more components forming a mixture having congruent melting 53 
and solidification. Organic PCM materials, classified into paraffins and non-paraffins 54 
are considered to be non-corrosive and highly stable. Meanwhile, the inorganic PCM 55 
are classified as salt hydrates and salts. These inorganic compounds have a high latent 56 
heat per unit weight, being inexpensive compared to organic compounds, non-57 
flammable and readily available [20-24]. It is for this reason that this study focuses on 58 
the use of inorganic materials as a thermal storage medium. Salt hydrates, in particular, 59 
have demonstrated appropriate chemical storage stability [7], and positioned themselves 60 
as a perspective PCM. They are also an abundant resource in many areas worldwide, but 61 
especially in northern Chile. 62 
 63 
Northern Chile has a unique potential for the development and implementation of clean 64 
energy technologies. The climatic conditions of this region represent an opportunity for 65 
the development of clean technologies based on the use of solar energy. Moreover the 66 
large reserves of salts found in the Salar de Atacama and other salt lakes, provide the 67 
materials needed to store the captured solar energy [25]. The Salar de Atacama, located 68 
in Region II of Chile, is the main reservoir, at the continental level, for natural 69 
magnesium chloride hexahydrate (MgCl26H2O), also known as bischofite. 70 
 71 
Bischofite (MgCl26H2O) is an attractive material to be used as storage material for 72 
thermal energy because it has moderate heat of fusion (168 kJ/kg) and reasonable 73 
thermal conductivity (about 0.570 W/(mK)) as well as having low cost compared with 74 
most organic PCMs [26]. 75 
 76 
Previously, Ushak et al. [26] performed physical characterization of the thermal 77 
properties of natural bischofite, focusing on their suitability as a phase change material. 78 
The properties exhibited by natural bischofite showed its suitability for use as a PCM, 79 
therefore, the next step would be to generate a methodology for its encapsulation for use 80 
in a number of applications. 81 
 82 
The objective of the work presented is to assess the potential of salts hydrates bischofite 83 
(based on MgCl26H2O with typical impurities; hereinafter bischofite will refer to the 84 
salt and impurities) of the Salar de Atacama, for use as a thermal energy storage 85 
material by testing its corrosion behavior. Bischofite corrosion behavior will be 86 
compared with that of commercial MgCl26H2O, a well-known PCM [26]. The 87 
compatibility and corrosion resistance of encapsulating materials such as copper, 88 
aluminum and stainless steel, at a temperature of 120°C for extended periods is studied 89 
and analyzed.  90 
 91 
Corrosion of MgCl26H2O as used in TES has not been previously evaluated in details. 92 
Nagano et al. [9] studied the corrosion of Mg(NO3)2·6H2O against six metals and its 93 
mixture with MgCl26H2O against aluminum. Their results showed that aluminum can 94 
be used to encapsulate the mixture of Mg(NO3)26H2O + 10% MgCl26H2O. While El-95 
Sebaii et al. [27] carried out compatibility tests of aluminum and stainless steel 96 
embedded in MgCl26H2O and found strong corrosion in both cases. Therefore, since no 97 
detailed study of the corrosion of MgCl26H2O has been carried out previously in the 98 
literature, it will be included in this paper for comparison purposes. 99 
 100 
 101 
2. Materials and methods 102 
 103 
2.1 Materials 104 
 105 
As in previous investigations [7,8], three different base metals with an extensive use in 106 
the Chilean industry were used in this research. These metals were copper, aluminum 107 
and stainless steel. Their characteristics are given in the Table 1. 108 
 109 
Table 1. 110 
 111 
Bischofite (composed primarily of MgCl26H2O) was obtained from brine evaporation 112 
ponds located in the salt mines at different times of the year and according to chemical 113 
analysis, has a purity of 94.80% (Table 2) [26]. Commercial MgCl26H2O was 114 
purchased from Merck (> 99% purity). Their properties are shown in the Table 3. 115 
 116 
Table 2.  117 
Table 3.  118 
 119 
2.2 Methods 120 
 121 
2.2.1 Corrosion measurements 122 
 123 
Although corrosion data of salts solutions in water is available from the chemical 124 
industry and literature, they are not available for these salts to be used as PCMs (i.e. in 125 
solid state) and especially at the required high temperatures. Producing new corrosion 126 
data is essential for PCM utilization in new applications. Following this idea, Cabeza et 127 
al. [7,8], Moreno et al. [10] and Oró et al. [21] studied the corrosion resistance of metals 128 
and metal alloys in contact with different salt hydrates. In these studies, corrosion tests 129 
were carried out with the metal sample fully immersed in the melted PCM, similarly to 130 
those of Nagano et al. [9] and El-Sebaii et al. [27]. However, TES tanks usually are 131 
never filled to their maximum capacity due to the known volume change of the PCM 132 
when undergoing heating and cooling cycles; therefore an air-liquid-interface (ALI) is 133 
usually expected in most storage systems. ALI corrosion is a well-known phenomenon 134 
at the air-liquid-interface region on a partially-immersed metal surface [28]. Literature 135 
reports that ALI corrosion can appear in pairs that do not show corrosion in fully-136 
submerged metal surfaces [28,29]. Although the mechanism of ALI corrosion is still not 137 
well understood [28,30,31], some authors relate it to the dissolved oxygen at the air-138 
liquid interface [32,33]. 139 
 140 
In this study, five samples of each metal were used with bischofite and another five 141 
samples with the pure salt MgCl26H2O (see Figure 1). The size of the samples was 142 
50300.1 mm for copper and aluminum as shown in Figure 2. Samples of 316L 143 
stainless steel were of 50303 mm in size. The initial mass of each sample was 144 
recorded to observe the behavior of mass loss through time. 145 
  146 
Figure 1.  147 
 148 
Figure 2.  149 
 150 
Salts of a certain mass (bischofite and pure MgCl26H2O) were placed in separate 151 
borosilicate glasses and were molten at 120°C in a muffle furnace, the height of the 152 
molten salt in the glass containers was 2 cm. The metal samples were placed in the 153 
borosilicate glass container in such a way that 50% of its surface was immersed in the 154 
salt solution (see Figure 1). 155 
 156 
Figure 3 shows a schematic representation of the oven cavity to which the glass 157 
container containing molten salts with metal samples was introduced. 158 
 159 
Figure 3.  160 
 161 
Corrosion tests were performed as follows: samples were removed from the oven at 162 
different times, sample Nº1 (250 hrs), sample N°2 (500 hrs), sample Nº3 (750 hrs), 163 
sample Nº4 (1000 hrs), and finally sample Nº5 (1500 hrs). Once removed, the samples 164 
were washed with distilled water to remove residual soluble compounds and then were 165 
placed in an oven at 55°C for two hours to remove residual moisture. Based on the 166 
previous methodology used [10], data obtained from the experimentation were further 167 
evaluated. Mass loss (g) was calculated with Eq. (1), considering the initial mass, m(t0), 168 
and the mass measured after 250, 500, 750, 1000 and 1500 hrs, m(t), respectively: 169 
 170 
 Δm=m(t0)-m(t)   Eq.(1) 171 
 172 
2.2.2 XRD and SEM-EDX analyzes of samples with corrosion products 173 
 174 
Once the exposure of the metal samples in salts was concluded, the corrosion products 175 
were subjected to XRD and SEM-EDX analyzes to evaluate the chemical composition 176 
and differential patterns of corrosion.  177 
 178 
A scanning electron microscope (SEM) Jeol, Model JSM6360 LV coupled to an energy 179 
dispersive X-ray spectrometer (EDX) Inca Oxford was used to analyze the morphology 180 
and composition of metal samples with corrosion products.  181 
 182 
The mineral composition of products, formed as result of the corrosion, was analyzed 183 
through X-Ray Powder Diffractometer. The powdered samples were positioned on a flat 184 
plate sample holder and the analysis was performed on a X-Ray diffractometer 185 
SIEMENS model D5000 (40 kV, 30 mA); radiation of Cu K1 ( = 1.5406 Å); vertical 186 
Bragg-Brentano; scan range: 3 - 70° 2; step size: 0.020° 2; step time: 1.0 s. 187 
 188 
3. Results  189 
 190 
3.1 Corrosive effect of salts hydrates on metals, in relation to mass loss 191 
 192 
Mass loss was considered as a variable to evaluate the corrosive effect of two salt 193 
hydrates (bischofite and MgCl26H2O) on three types of metals (copper, aluminum and 194 
stainless steel). 195 
 196 
Mass loss of copper samples against salts 197 
 198 
Copper was the metal that was most affected by the corrosive effect of salts (see Section 199 
3.2). This is why it was not possible to determine the final mass loss due to the complete 200 
fragmentation of both samples (of commercial salt and bischofite) (Figure. 4). 201 
 202 
Mass loss of aluminum samples against salts 203 
 204 
Aluminum and stainless steel samples were able to complete the exposure period. In this 205 
case, aluminum is the metal which shows the greatest mass loss in both treatments with 206 
a total mass loss of 8.34% in the treatment with MgCl26H2O (Merck) and 10.70-12.21 207 
% in the treatment with bischofite (Table 4). It is important to note that aluminum has a 208 
greater mass loss under the treatment with commercial salt (Figure 5, Table 4). 209 
Figure 5 also shows the aluminum from the period of 500 hours of treatment shows a 210 
mass gain, which is probably due to the formation of a stable layer of aluminum oxide 211 
which could not be removed in the evaluation period of the experimetation. However, 212 
the behavior is different from aluminum in contact with the molten salt bischofite: there 213 
is a stable mass loss until 500 hours of treatment. After this time, the aluminum foil is 214 
broken by corrosion right at the interface air-molten salt. 215 
 216 
Mass loss of stainless steel samples against salts 217 
 218 
Stainless steel is the metal showing the least mass loss in all cases tested, with a total 219 
mass loss of 0.32% for treatment with MgCl26H2O and 0.44% for treatment with 220 
bischofite (Figure 6, Table 4). 221 
 222 
Figure 4.   223 
 224 
Figure 5.  225 
 226 
Figure 6.  227 
Table 4.  228 
 229 
The determination of mass loss used as an indicator of the corrosive effect indicates that 230 
stainless steel was the most resistant to bischofite and commercial MgCl26H2O. In the 231 
case of aluminum, although it shows less degradation, increased mass loss is revealed 232 
when compared with stainless steel samples. 233 
 234 
In previous studies the effectiveness of the application of both steel and aluminum due 235 
to their resistance to corrosion has been highlighted [7,8]. In the first of these studies, it 236 
is concluded that both stainless steel and aluminum are recommended for their use in 237 
encapsulation, having a lesser degree of corrosion of <0.2 mg/cm2·yr in both cases [7]. 238 
However, the later work [8] concludes that aluminum is the metal which has the highest 239 
degree of corrosion, taking into account not only the corrosion rate but also visual 240 
changes in the solution and the metal, in addition to changes of pH. In both studies 241 
metals are tested under different conditions, so in these cases it is important to consider 242 
the test medium in which it is desired to determine the degree of corrosion of each 243 
metal.  244 
 245 
A similar study was performed by Nagano et al. [9], who carried out a number of 246 
corrosion tests in a particular environment and determined that the metals recommended 247 
to be used in storage tanks were SUS316 stainless steel and aluminum.  248 
 249 
As described in previous works, aluminum and stainless steel are materials that exhibit 250 
corrosion resistance and have been nominated as materials for PCM encapsulating. 251 
However, mass loss is not a conclusive parameter of corrosive effect due to the 252 
formation of various impurities and protective oxide layers that cannot be easily 253 
removed during the evaluation period. The phenomenon is evident in the case of 254 
stainless steel. 255 
 256 
The presence of impurities in salts has been previously described as the factor that could 257 
positively or negatively influence the corrosion of metals. In the case of having a 258 
negative effect on the corrosion, in other words, retarding the corrosion process, this 259 
phenomenon is denoted as metal passivation [35]. In the case of stainless steel, it is 260 
likely that the phenomenon occurring is passivation, because the results of fitness 261 
(qualitative observation) show a typical oxide layer, however, measurements of mass 262 
loss indicate no destructive effect corrosive on the metal sample, a process which was 263 
not observed in the case of aluminum. 264 
 265 
3.2 Corrosion of metals by salt hydrates 266 
 267 
Tables 5 and 6 present a summary of physical conditions of three studied metals, treated 268 
with molten salts during different periods of time.  269 
 270 
Table 5.   271 
Table 6.  272 
 273 
Tables 5 and 6 show that copper is poorly represented, with aluminum and stainless 274 
steel following. The copper sample has broken at the interface before the final point of 275 
the experiment. The formation of blue and green compounds on the sample corresponds 276 
to chlorinated compounds and oxidized copper, during the treatment with both 277 
bischofite and the commercial salt.  278 
 279 
Something similar occurred with stainless steel where the metal suffers from the 280 
degradation related to the oxidation process typical for this metal. In the case of 281 
aluminum, the effect of physical degradation with clear signs of detachment was more 282 
apparent in the case of treatment with bischofite, which was not observed in the case 283 
with commercial salt.   284 
 285 
As it can be seen in Figure 7, in the case of stainless steel and copper, there is a 286 
highlighted oxidative effect in the interface area (i) molten salt-air, where a physical 287 
deterioration of the material is initially perceived followed by an accumulation of 288 
residues from the oxidative process.   289 
 290 
Figure 7. 291 
 292 
3.3 XRD analysis of the corrosion products  293 
 294 
In Figures 8 and 9, the diffractograms of XRD analysis for the metal sheets exposed to 295 
salts bischofite and MgCl26H2O, respectively, are presented. Based on Figure 8, there is 296 
no common pattern of compounds forming the corrosion product. Figure 9 also shows 297 
no common pattern between the metal sheets treated with bischofite.  298 
 299 
Figure 8. 300 
 301 
Figure 9. 302 
 303 
Results show that between samples of the same type (i.e. copper sheet treated with 304 
MgCl26H2O and bischofite) there is a correlation between some of the compounds 305 
constituting the corrosion product. In this case, cuprite is the common compound 306 
between the copper sheets treated (Cu2O). The same applies to the case of stainless steel 307 
where the common product of corrosion is hematite (Fe2O3). While the product for the 308 
case of aluminum immersed in bischofite was not identified since it was an amorphous 309 
compound. The summary of phase identified by XRD is presented in Table 7. 310 
 311 
Table 7.  312 
 313 
For aluminum in contact with MgCl26H2O, the corrosion products show that both the 314 
cation (Mg2+) and the anion (Cl−) react with the metal (Al) forming new compounds (Table 315 
5). When copper and stainless steel are immersed in MgCl26H2O, reaction between the 316 
anion (Cl−) and the metal (Cu or Fe) was observed, indicating different corrosion 317 
mechanisms.  318 
 319 
For all cases studied in the present work (three metal samples and two hydrate inorganic 320 
compounds) chloride compounds were formed (see the Table 5). Also, for copper and iron 321 
metal sheet, Cu2O and F2O3 oxides were observed. 322 
 323 
3.4 SEM-EDX analysis of the corrosion products  324 
 325 
Figure 10 shows SEM images for three metals in contact with bischofite for 250 hrs. 326 
 327 
Figure 10. 328 
 329 
The part of stainless steel and aluminum sheets immersed in the salts did not show any 330 
corrosion after 250 h of treatment. But the areas near the interface show severe 331 
corrosion (darker colors). The copper sample shows partial breaking at the interface. In 332 
this case, the immersed area shows isolated products of corrosion. EDX analysis results 333 
for the metals in contact with bischofite are shown in Table 8. Here, no important 334 
differences are seen between interface or immersed area for the same metal. 335 
 336 
Table 8.  337 
 338 
To analyze the progress of corrosion with time, the results for aluminum sheets after 339 
250 h and 1500 h of treatment are shown in Figure 11. 340 
 341 
Figure 11. 342 
 343 
After 250 h, a partial breakage of the metal in the interface can be seen. Moreover, 344 
corrosion products (dark color) appear on the surface of the cleaned sheets both at 250 345 
and 1500 h. On the other hand, the immersed part shows no differences in the exposed 346 
samples during the different time periods, with relatively low corrosion in the form of 347 
pitting pattern. 348 
 349 
4. Comparison with previous published research 350 
 351 
The published data indicate that there is a lack of corrosion studies of effects of 352 
magnesium chloride hydrate alone on metals [7-10,27]. Moreover, no work has been 353 
published about corrosion behavior of molten bischofite. Some researchers used mass 354 
loss to determine corrosion rate. Table 9 summarizes the published results from those 355 
studies and the results presented in this work.  356 
 357 
Table 9.  358 
 359 
The work presented in this paper shows that the corrosion behavior of bischofite follows 360 
the same pattern of that of magnesium chloride hexahydrate, but in the case of 361 
bischofite the corrosion is higher, probably due to the presence of various impurities in 362 
this salt. Similar conclusion can be drawn by comparing the results presented here with 363 
those of magnesium chloride hexahydrate published earlier [27]. On the other hand, 364 
previous published results of mixtures of magnesium chloride hexahydrate show better 365 
corrosion performance than those presented here. Finally, the impurities found in 366 
bischofite (Table 2) have not been considered in any of the previously studied mixtures, 367 
so no comparison can be made. 368 
 369 
 370 
5. Conclusions 371 
 372 
Compatibility of bischofite as PCM needed to be encapsulated was studied with three 373 
different metal samples: copper, aluminum and stainless steel. The results were 374 
compared with those obtained when commercial magnesium chloride hexahydrate was 375 
used.  376 
 377 
The corrosion products were determined by XRD technique. For hydrate salts bischofite 378 
and MgCl2·6H2O, the results show that cuprite (Cu2O) and hematite (Fe2O3) are 379 
compounds formed on copper and stainless steel samples, respectively. Also, for all 380 
cases studied, several chloride compounds were identified as corrosion product.  381 
 382 
This study showed minimum corrosion occurred on all the immersed surface of all the 383 
metals. However, very sever corrosion occurred at the salt-air interface due to a well-384 
known phenomena of oxygen enhanced corrosion usually found even in water tanks at 385 
ambient temperature. This suggests that care should be taken in the design of these heat 386 
storage systems to avoid completely the presence of air, otherwise the storage unit could 387 
fail in a very short period. Further studies of the corrosion process in inert atmosphere 388 
and under different conditions are suggested to identify the trigger of corrosion in the 389 
interface. 390 
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Table 1. Characteristics of metals sheets used in this investigation. 512 
 Copper sheet Aluminum sheet Stainless steel sheet 
Size [mm] 5030 5030 5030 
Thickness [mm] 0.1 0.1 3 
Quality (grade) C11000 A grade, alloy 1100 316L 
Density [g/cm3] 8.91 2.71 7.98 
Chemical composition [%] Cu >99.90  
O: 0.015-0.040  
Al: 99.0-99.95 
Cu: 0.05-0.20 
Fe: 0.95 max 
Mn: 0.05 max 
Si: 0.95 max 
Zn: 0.1% max 
Residuals: 0.15 max 
C: 0.03 
Si: 1.00 
Mn: 2.00 
P: 0.045 
S: 0.03 
Cr: 16-18 
Mo: 2-3 
Ni: 12-15 
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 527 
 528 
 529 
Table 2. Mineralization of a sample of bischofite (adapted from [26]) and MgCl26H2O 530 
from Merck  (adapted from [26]). 531 
Compound Bischofite 
(%wt.) 
MgCl26H2O 
(%wt.) 
NaCl 0.90  
KCl 0.20  
MgCl26H2O 94.80 99.0-101.0 
KClMgCl26H2O 1.80  
Li2SO4H2O 3.20  
Bromide (Br)Bromide (Br)  0.050.05 
Nitrate (NO3), KNitrate (NO3)  0.0010.001 
PO4, Pb, Fe, Cu, MnPhosphate 
(PO4) 
 0.00050.0005 
Total Nitrogen (N), Al, As 
Sulphate (SO4) 
 0.00020.002 
Ca (Calcium)Total Nitrogen (N)  0.0030.0002 
Na (Sodium)Heavy metals (as 
Pb) 
 0.0010.0005 
Sr (Strontium)Al (Aluminum)  0.0050.0002 
Water As (Arsenic)  51.0-
55.00.0002 
Ba (Barium)  0.002 
Ca (Calcium)  0.003 
Cu (Cooper)  0.0005 
Fe (Iron)  0.0005 
K (Potassium)  0.001 
Mn (Manganese)  0.0005 
Na (Sodium)  0.001 
NH4 (Ammonium)  0.002 
Pb (Lead)  0.0005 
Sr (Strontium)  0.005 
Water   51.0-55.0 
 532 
Table 3. Properties of the salt hydrates used in the experiment [26]. 533 
Sample ࢀࡲሾԨሿ ∆ࡲࡴሾࡶ ࢍ⁄ ሿ ࡯࢖,࢙࢕࢒࢏ࢊሾ࢑ࡶ ሺ࢑ࢍ ∙ ࡷሻ⁄ ሿ ࢋ࢙ࢊ	ሾࡶ ࢉ࢓૜⁄ ሿ 
Bischofite 100 115 2.1 170 
MgCl26H2O 114.5 135 2.1 192 
*esd: energy storage density 534 
 535 
Table 4. Average percentage of mass loss of the samples upon exposure to different salts. 536 
 Copper Aluminum Stainless Steel 
% weight loss in MgCl26H2O 23.84 8.34 0.32 
% weight loss in bischofite 27.80 10.70-12.21 0.44 
Table 5.  Corrosion of copper, aluminum and stainless steel samples in contact with 537 
molten bischofite. 538 
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Table 8. Summary of the elements detected via EDX in areas showed in the Figure 10.  574 
Metal sample Interface area Immersed area 
Copper O, Mg, Si, S, Cl, Cu  O, Mg, Si, S, Cl, Cu  
Aluminum O,  Mg, Al, S, Cl  O,  Mg, Al, Cl 
Stainless steel C, O, Mg, Si, S, Cl, Cr, 
Mn, Fe  
C, O, Mg, Si, S, Cl, Cr, 
Mn, Fe  
 575 
 576 
 577 
  578 
Table 9. Corrosion test results for magnesium chloride hexahydrate and its mixtures. 579 
 
Salt or mixture 
Melting 
temperature, 
ºC 
Metal 
sample 
Observations 
Corrosion 
rate, 
mg/cm2/yr 
Recommendation Ref 
Eutectic mixture 
Mg(NO3)2·6H2O + 
MgCl2·6H2O 
59.1 
1% Carbon 
steel 
Copper 
AISI-403 
1000 hr; 
Immersed test 
Considerable 
corrosion 
Considerable 
corrosion 
Nearly 
unchanged 
No 
No 
Yes 
[36,37] 
       
Mixture 2:1 
TH29 (CaCl2·2H2O) 
and MgCl2·6H2O 
23 
Aluminum 
Copper 
Brass 
Steel 
Stainless 
steel 
100 days; 
Immersed test 
0.71 
0 
0.68 
0.59 
0.58 
No 
yes 
yes 
no 
yes 
[8] 
Mixture 
Mg(NO3)2·6H2O+ 
10% MgCl2·6H2O 
75-85 
Aluminum 
Copper 
Brass 
Carbon Steel 
SUS304 
SUS 316 
90 days; 
Immersed test 
0.05 
137 
36 
106 
1.34 
0.21 
Yes 
No 
No 
No 
No 
Yes 
[9] 
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